With the advent of chain calculations forthe U.S. national income and product accounts, it seems reasonable to contemplate using the chain approach for other indexes, such as tradeweighted exchange rates (TWEXs). A fundamental criticism of measuring the growth of gross domestic product by a fixed-base-year method is that the estimates are highly sensitive, especially when the economy's structure is changing dramatically, to the arbitrary choice of the base year. Such a criticism can be levied against TWEXs. In fact, even TWEXs constructed using a Paasche index ratherthan a Laspeyres index have problems related to base periods. We examine theoretically and empirically the use of a chain TWEX in relation to two well-known TWEX indexes: the Federal Reserve Bank of Atlanta index, which uses a Laspeyres index, and the Federal Reserve Bank of Dallas index, which uses a Paasche index. The choice of base year alters the behavior of the dollar in these two indexes. We contrast this result with the behavior of the dollar in comparable chain TWEXs, where the base year sensitivity is absent. Our results indicate that developers of TWEXs, as well as those revising TWEXs, should consider a chain approach. Furthermore, users need to be aware ofthe sensitivity of TWEXs to changes in either the base period for trade weights or the reference base period for exchange rates.
I. Introduction
With the advent of chain calculations forthe U.S. national income and product accounts, it seems reasonable to contemplate using the chain approach for other indexes, suchas tradeweighted exchange rates (TWEXs). A fundamental criticism of measuring the growth ofreal gross domestic product by a fixed-base-year method is that the estimates are highly sensitive, especially in times when the economy's structure is changing dramatically, to the arbitrary choice of the base year. This paper investigates whether such a criticism can also be levied against TWEX indexes.
The breakdown ofthe Bretton Woods system of fixed exchange rates spurred the development of TWEX indexes, which are simply an average of bilateral exchange rates where the average is determined by the countries included and the weights given to each currency. 1
TWEXs are used by policymakers, market analysts and the media to give a picture of changes in the average foreign exchange value of a currency overtime. TWEXs, particularly real TWEXs, are also used by researchers in empirical trade studies, TWEX indexes have been used in studies analyzing the effect of exchange rate changes on a country's trade balance. The persistence of trade imbalances in the face offlexible exchange rates led to a further use of TWEX indexes: to study the effect of exchange rate changes on traded-goods prices. 2
Trade-weighted exchange rate indexes are produced by various private and public organizations throughout the world. These indexes vary by the currencies included, the method See Hirsch and Higgins (1970) for a seminal discussion of the construction of a TWEX index and Coughlin and Pollard (1996) for a recent overview ofTWEX indexes. 1 for determining the weights given to each currency and the frequency ofupdating these weights.
Several studies have investigated the importance ofthe choice of a TWEX for the outcome of an empirical study. 3 In choosing among TWEX indexes, researchers need to be aware ofthe appropriateness ofthe index for the question under study.
All common TWEXs are based on either a Laspeyres or Paasche price index. We focus on an issue that affects these indexes regardless of the currencies included ormethod for calculating weights: the choice of base periods. Actually, two interrelated base period decisions are relevant. First, a decision is required as to the base period for the trade weights. Analogous to measuringthe growth of gross domestic product by a fixed-base-year method, a major concern with fixed trade weights is that over time the weights are less likely to reflect the existing pattern of trade. For example, as U.S. trade has shifted toward Asia and to selected developing countries, the fixed trade weights in a dollar index may be producing a biased picture ofthe TWEX. On the other hand, if the base period for trade weights is altered, the economic history described by the index is likely to change. An annual updating ofthe trade weights, however, does not eliminate all the problems related to base periods.
Second, in any TWEX index the changes in the bilateral exchange rates are calculated relative to exchange rates in a reference period. Ideally this reference period should reflect a period of equilibrium in the exchange rates. Given the difficulty of finding such a period, particularly when a large number of currencies are included in the TWEX, the reference period is See Batten and Belongia (1987), Feinberg (1991) , and Pauls and Helkie (1987) . 2 often chosen because it marks some important event in exchange rate history. 4 For TWEXs based on a Paasche index, the economic history described by the TWEX likely changes as the reference period for the exchange rate is altered. We begin our study by examining the theoretical problems associated with the choice of a base year in Laspeyres and Paasche indexes and the solution offered by a chain index. 5 Next, we examine the empirical importance ofthese problems by focusing on two well-known TWEX indexes: the index produced by the Federal Reserve Bank of Atlanta (hereafter Atlanta), based on a Laspeyres index; and, the index produced by the Federal Reserve Bank ofDallas (hereafter Dallas), based on a Paasche index. 6 Finally, we produce a Fisher-chain version ofthese two TWEX indexes and compare these to the original versions. In the conclusion we summarize the theoretical and empirical justification for a chain TWEX.
II, Problems with Laspeyres and Paasche Indexes
Price indexes, such as a TWEX index, are generally constructed as either a Laspeyres or Paasche index. A Laspeyres index is characterized by fixed weights while a Paasche index is For example, the Federal Reserve Bank of Dallas currently uses the first quarter of 1985 as the reference period for the exchange rates in constructing its TWEX index, while the Board of Governors ofthe Federal Reserve System uses March 1973.
Our analysis of these TWEX indexes uses the nominal rather than the real versions of these indexes. This choice should not be interpreted as suggesting that the nominal versions are more useful than the real versions. Our decision stemmed from the fact that the nominal versions are easier to calculate and that our fundamental points are the same regardless of whether real ornominal exchange rates are used. 
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The TWEX index for any currency is the geometric average of the exchange rates, with respect to that currency, of n countries at time t, e~relative to their respective exchange rates at some reference period R, e~Rwhere the exchange rates are weighted by each country's trade share, wIB orw~1.
The two key elements ofthese indexes for our purposes are the base period for the trade weights and the reference base for the exchange rates. In the Laspeyres index, as shown in equation (1), the trade weights are fixed at the period B trade shares. As trade patterns shift over time the weights may become less accurate, which may lead producers to update the weights to reflect more recent trade patterns. Updating the weights, however, changes the history of the index. In addition, while the new weights may be more relevant for recent periods they are less relevant for previous periods. The following example illustrates these problems.
Assume for simplicity there are only 3 currencies in the world: currencies A, B and C. However, the magnitudes of the appreciations and deprecations differ substantially across the two constructed indexes. Using year 2 as the base year for the weights the index shows a 43 percent appreciation for currency A between years 1 and 7, while using year 12 as the base year forthe weights currency A shows only a 20 percent appreciation. 8 Likewise, the former index shows a 22 percent depreciation of currency A between years 7 and 14 while the latter index shows a 44 percent depreciation of currency A. Thus, using year 2 as the weights base the effective value of currency A is 21 percent higher in year 14 than in year 1 while using year 12 as the weights base the effective value ofcurrency A is 24 percent lower in year 14 than in year 1.
Examining the correlation between the two indexes further illustrates these results. The correlation between the year-to-year percent changes is .95 indicating that in general the value of currency A moves in the same direction in the two indexes. The correlation between the levels of the two indexes is lower, .56, indicating the divergence in the two indexes over time.
8 All percentages changes in this paper all calculated using log changes.
A key difference between TWEXs based on a Laspeyres formula and a Paasche formula is that in the Paasche-based index the weights vary from year to year. 9 Thus the value ofthe index in year t depends on the weights assigned to each currency in year t. This weighting method eliminates the rewriting of economic history caused by updating the weights base.
Before concluding that the Paasche index is the better method for calculating a TWEX index, we need to consider the choice ofthe reference base forthe bilateral exchange rates.
As shown in equations (1) and (2) TWEXs based on either a Laspeyres or a Paasche index require that a base period be chosen for the bilateral exchange rates, e~.With a Laspeyres index the choice of a reference base period for the exchange rates does not affect the behavior of the index, but the behavior of the Paasche index is sensitive to this choice. These results are shown formally in the appendix and can be illustrated using the data in Table 1 . Two Laspeyres and two Paasche indexes are constructed from these data. Both Laspeyres indexes use the trade weights in year 1 (.60, .40). First, Laspeyres and Paasche indexes are constructed using the bilateral exchange rates in year 2 as the reference exchange rates. Next, the indexes are recalculated using the bilateral exchange rates in year 12 as the reference exchange rates. Table   3 shows the value of the indexes in each year and the year-to-year percent changes in the indexes.
First, consider the two Laspeyres indexes. The level ofthe two indexes in any year differs. However, the index based on the year 2 exchange rates can be rescaled by dividing the value of the index in each year by the value ofthe index in year 12 as follows:
While TWEX indexes are updated as frequently as monthly, the trade weights are generally updated annually. 
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This rescaling creates an index identical to the index based on the year 12 exchange rates. This ability to transform the reference base for the index explains why the year-to-year percent changes in the two Laspeyres indexes are identical.
Next, consider the two Paasche indexes. In this case neither the levels nor the year-toyear changes in the indexes are identical. Both Paasche indexes display a similar pattern over time: currency A appreciates between years 1 and 7 and depreciates between years 7 and 14.
However, the magnitudes ofthe movements in the indexes differ. The index using year 2 as the reference base shows currency A appreciating by 51 percent through year 7, while using year 12 as a reference base the appreciation is 30 percent. Between years 7 and 14 the former index It is, however, rather easy to produce a measure that allows for an appropriate calculation ofthe change in the average value of the dollar relative to periods other than the base. One way to eliminate the problems inherent in the construction of each index is to eliminate the need for a base period. This can be done by constructing chain versions of the indexes. A chain index links together the exchange rates and trade weights from year-to-year. Equations (3) and (4) present the formulas for the chain versions ofthe Laspeyres and Paasche indexes, respectively. The only difference between a Laspeyres chain and a Paasche chain is that the former uses weights from the previous period, while the latter uses weights from the current period.
How then does one choose between the chain versions ofthe Laspeyres and Paasche indexes?
The relationship between Laspeyres and Paasche indexes can be shown by looking at differences in the price elasticities. For a Laspeyres index the price elasticity is:
and for a Paasche index the price elasticity is:
From equations (5a) and (Sb) it is clear that if the exchange rate for currency i rises (holding all other exchange rates in the index constant) the value of the Laspeyres (Paasche) index will exceed the value of the Paasche (Laspeyres) index ifthe price elasticity of that currency in the Laspeyres (Paasche) index is relatively higher, i.e., WiB>Wit (wlB<wIl). When more than one exchange rate changes, the differences in price elasticities of each currency in the two indexes must be weighted by the change in each exchange rate (relative to the reference base year) producing the following relationship: The preceding formula can be illustrated using the data in Table 1 . Using year 2 as the reference period for exchange rates, the formula implies that in years 1, 2 and 10 the Laspeyres and Paasche indexes should give identical readings, in years 3-9 the Laspeyres index should be less than the Paasche index, and in years 11-14 the Laspeyres index should be greater than the Paasche index. The values for the Laspeyres and Paasche indexes in Table 3 show the predicted relationship between the indexes. 10
The Laspeyres and Paasche chains can be viewed as providing the bounds for a realistic measure of an exchange rate index. When comparing adjacent periods, the Laspeyres chain uses weights based on the prior period, while the Paasche chain uses weights based on the current period. The appropriate weights for a TWEX are uncertain, but a straightforward solution is to combine the two by taking their geometric average. This is known as a 
Because the Fisher chain is the average of the Laspeyres and Paasche chains it will lie between the two, as shown in Table 4 and Figure 1 .
IV. Empirical Analysis
The above analysis suggests some solid reasons to consider using a chain rather than To determine the sensitivity of these indexes to the choice ofthe base period we recalculated each index using eachpossible base year over the sample period 1976~95.13
Specifically we calculated 20 versions of the Atlanta index each using a different base year for the trade weights in the index, and 20 versions of the Dallas index each using a different " The countries whose currencies are included in the Atlanta index are: Australia, Belgium, Canada, China, France, Germany, Hong Kong, South Korea, Italy, Japan, Netherlands, Saudi Arabia, Singapore, Spain, Sweden, Switzerland, Taiwan and the United Kingdom. See Rosenweig (1986a) and (1986b) for details on the construction ofthe Atlanta index. 12 This procedure for calculating trade shares departs from the standard Paasche formula in equation (2), where the weights are based on the current year's trade shares. This difference however does not affect the nature of our empirical results. See Cox (1986) 14 We concentrate on base years even in the Dallas index to limit the number ofpossible reference periods. For the Dallas index we make comparisons relative to an index using 1985 as the reference base year.
'~The Atlanta and Dallas indexes are not directly comparable given differences in the choice of currencies included in each index. Moreover, it is not surprising that the variation among the calculated versions of the Dallas index are greater than among the versions ofthe Atlanta index since the year to year variation in trade weights are less than the year-to-year variations in the exchange rates. See Coughlin and Pollard (1996) for a discussion of the importance of currency choice for explaining differences among TWEX indexes. 16 In August 1991 Dallas changed the reference base period used to calculate its TWEX index from the first quarter of 1973 to the first quarter of 1985. Using the former reference base the calculated appreciation ofthe dollar between January 1976 and December 1985 was 67 percent while using the later reference base period indicated a 75 percent rise over this period. Using annual data, as in our study, the dollar appreciated by 73 percent using the first quarter Table 7 shows the orthogonal least squares results when the indexes are expressed in levels and natural logarithms.' 9 Using levels of the Atlanta index, the results reveal that in " See Malinvaud (1980) for a thorough discussion ofthe differences between orthogonal and ordinary least squares regression. 18 Thus, for interchangeability the measures must not only be highly correlated, but they must consistently differ by a constant. Ifthis criterion holds, then the alternative measures will yield virtually identical results in econometric studies. For an elementary introductionto interchangeability, and orthogonal least squares, see appendix A in Coughlin and Mandelbaum (1991) .
'~We included the natural log version of the indexes because of its use in empirical work. Furthermore, while the versions of each index are highly correlated regardless ofthe reference base year chosen, there is some evidence from orthogonal least squares that they are not substitutable.
V. Comparing Chain Indexes with Current Indexes
Given the evidence that the choice of a base year alters the behavior of TWEX indexes, Table 8 , that the Fisher chain version and the original version of each index are not interchangeable. For example, using levels ofthe Atlanta index, the hypothesis that the slope coefficient equals one can be rejected; however, using natural logarithms, the null hypothesis cannot be rejected. Using either the levels or natural logarithms ofthe Dallas index, the null hypothesis can be rejected. 22 21 Our Fisher chain version of the Dallas index uses the current and preceding year's trade weights as in equation (7) rather than a three year moving average.
VI. Conclusion
In the nearly 25 years since the collapse ofthe fixed exchange rate system TWEX indexes have been constructed by central banks, governments, international organizations and private institutions. All these indexes differ at least slightly as a result of differences in terms of the currencies used, method ofcalculating weights, and the frequency of updating the weights.
The importance ofthese factors in accounting fordifferences among TWEX indexes has been studied by various researchers. 23
In contrast to previous studies that focus on explaining differences across TWEX indexes, this paper focuses on an issue that is common to all of the TWEX indexes --the dependence ofthe behavior of the index on the base year. The behavior of Laspeyres TWEX indexes are affected by the base year(s) chosen for the weights given to the bilateral exchange rates. The behavior of Paasche TWEX indexes are affected by the reference base period chosen for the exchange rates.
Using the Laspeyres index constructed by the Federal Reserve Bank of Atlanta and the Paasche index created by the Federal Reserve Bank of Dallas, we examined the sensitivity ofthe TWEX indexes to changes in the base year. We found that over a 20 year period (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) the change in the value of the dollar could differ significantly as a result ofthe base year choice. however, a closer statistical examination does yield some potentially noteworthy differences.
More importantly, the Fisher chain versions are not dependent on a base period for the trade weights or a reference base period for the exchange rates and avoid the potential problems stemming from such a dependence. The reference base for an exchange rate index is at times revised and these revisions can produce significant changes in the behavior of the index. At a minimum, our results suggest that users of current exchange rate indexes be aware ofthe importance ofthe base period in determining changes in the index.
Our results also suggest that developers of TWEXs, as well as those revising existing TWEXs, should consider a chain approach. We have not demonstrated the superiority ofthe chain approach, but we have provided solid reasons to view a chain approach as a reasonable alternative to current approaches. For example, the chain approach allows for the calculation of changes in the average value of the dollar relative to periods other than the base. Despite the fact that such calculations are performed using indexes that are not based on the chain approach, they are not theoreticallyjustified. Of course, while this paper highlights the usefulness ofthe chain approach, future research should examine the importance of base year changes in empirical trade studies.2 Proposition 1:
In a Laspeyres TWEX index the choice of the reference base period does not affect the percentage change in the index between any two periods.
Proof:
The Laspeyres TWEX index for the time periods t and t-1 can be written as follows:
The percentage change in the index between t and t-1 is:
L-i 100 = 1 100 " e. In a Paasche TWEX index the choice of the reference base period does affect the percentage change in the index between any two periods.
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Proof:
The Paasche TWEX indexes for periods t and t-1 can be written as follows:
The percentage change in the index between t and t-1 is: 
